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(54) Integrated well drilling and formation evaluation system 

(57) Integrated drilling and evaluation system for drilling, logging and testing a well comprises a drill string (18A), a 
drill bit (30) carried on a lower end of the drill string for drilling a well bore, logging while drilling means (28) included in 
the drill string for identifying subsurface zones of formations (16) of interest, packer means (24) carried on the drill string 
above the drill bit (30) for sealing a zone or formation (16) of interest below the packer means (24), and a fluid testing 
means (22) included in the drill string for controlling the flow of well fluid from the zone or formation of interest into the 
drill string. The system allows one or more subsurface zones or formations (16) of interest in a well to be drilled, logged 
and tested without the necessity of removing the drill string (ISA) from the well. 
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Description 

The present invention relates generally to the drilling 
of oil and gas wells, and more particularly, to a system 
and method for drilling well bores and evaluating subsur- s 
face zones of interest as the well bores are drilled into 
such zones. 

During the drilling and completion of an oil and/or 
gas well, it Is usually necessary to test and evaluate the 
production capabilities of the well. This is typically done 
by isolating a subsurface zone or formation of interest 
therein which is to be tested, and subsequently flowing 
well fluid either into a sample chamber or up through a 
tubing string to the surface. Various data such as pres- 
sure and temperature of the produced well fluids may be 
monitored downhole to evaluate the long term produc- 
tion characteristics of the zone or formation. 

One very commonly used well testing procedure is 
to first cement a casing in the well bore and then to per- 
forate the casing adjacent one or more zones of interest. 
Subsequently, the well is flow tested through the perfo- 
rations. Such flow tests are commonly performed with a 
drill stem test string which Is a string of tubing located 
within the casing. The drill stem test string carries pack- 
ers, tester valves, circulating valves and the like to con- 
trol the flow of fluids through the drill stem test string. 

Typical tests conducted with a drill stem test string 
are known as draw-down and build-up tests. For the 
"draw-down" portion of the test, the tester valve is 
opened and the well is allowed to flow up through the 
drill string until the formation pressure is drawn down to 
a minimum level. For the "build-up" portion of the test, 
the tester valve is closed and the formation pressure is 
allowed to build up below the tester valve to a maximum 
pressure. Such draw-down and build-up tests may take 
many days to complete. 

There is a need for quick, reliable testing procedures 
which can be conducted at an early stage in the drilling 
of a well before casing has been set. This is desirable 
for a number of reasons. First, if the well is a commer- 
cially ur^uccessful well, then the cost of casing the well 
can be avoided or minimized. Second, it is known that 
damage begins occurring to a subsurface producing 
zone or formation as soon as it is intersected by the 
drilled well bore, and thus, it is desirable to conduct test- 
ing at as early a stage as possible. 

While techniques and systems have been devel- 
oped for testing open, uncased well bores, it is often con- 
sidered undesirable to flow test an open hole well 
through a drill stem test string from the standpoint of 
safety considerations. That is, the conduct of conven- 
ttonal draw-down and build-up testing in an open hole 
situation is dangerous in that the drill pipe is full of drilling 
mud which must be circulated out and it is possible for 
problems to occur such as blow-outs or differential pres- 
sure sticking of the pipe. It is preferable to conduct a test 
with a safe dead well which is completety kept undercon- 
trol due to the continuous presence of a column of heavy 



drilling mud therein. 

One technique that has been used is to pull the drill 
pipe out of the well bore when it is desired to test a sub- 
terranean zone or fonnation penetrated by the well bore 
and to then run a special test string into the well for test- 
ing the zone or formation. This, of course, involves the 
time and cost of pulling and running pipe and is disad- 
vantageous from that standpoint. 

We have now devised an integrated well drilling and 
testing system and method whereby subterranean 
zones of interest can be tested as the well bore Is drilled 
into the zones to thereby quickly and Inexpensively eval- 
uate the production capability of the zones wKhout sub- 
stantially interrupting the drilling process. 

According to the present inventbn, there is provided 
an integrated drilling and evaluation system for drilling, 
logging and testing a well, which system comprises a drill 
string; a drill bit means, carried on a lower end of said 
drill string, for drilling a well bore; logging while drilling 
means, included In said drill string, for generating data 
indicative of the nature of subsurface formations inter- 
sected by said well bore, so that a formation or zone of 
interest may be identified without removing said drill 
string from said well; a packer means, carried on said 
drill string above said drill bit, for sealing a well annul us 
between said drill string and said borehole above said 
formation or zone of interest; and testing means, includ- 
ed in said drill string, for controlling flow of fluid between 
said formation of interest and sakJ drill string; the system 
being such that the well can be drilled, logged and tested 
without removing said drill string from said well. 

Preferably, the system further comprises a circulat- 
ing valve included in the drill string above the testing 
means. The testing means itself can vary widely, de- 
pending on what tests are required. Preferably, It in- 
cludes a ctosure vatve for controlling communication be- 
tween the formation of interest and the Interior of the drill 
string. In one preferred arrangement, the testing means 
comprises a surge receptacle included in said drill string; 
a surge chamber means, constructed to mate with said 
surge receptacle, for receiving and trapping a sample of 
said well fluid therein; and retrieval means for retrieving 
said surge chamber means back to a surface location 
while said drill string remains in said well bore. The sys- 
tem of the invention can include a downhole drilling mo- 
tor means, included in said drill string and operably as- 
sociated with sakj drill bit, for rotating said drill bit to drill 
said well bore. Preferably, the downhole drilling motor 
means is a steerabte downhole drilling motor means. 

The system preferably comprises measuring while 
drilling means, included in the drill string, for measuring 
a direction of a well bore. The system may also comprise 
monitoring means for monitoring a parameter of the well 
fluid. The packer means can be, for example, astraddle 
packer or an inflatable packer. Preferably, the drill string 
is a coiled tubing drill string. 

The invention also includes an integrated drillirrg and 
evaluation system for drilling, logging and testing a well. 
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which system comprises: a drill string; a drill bit means 
carried on a lower end of said drill string, for drilling a well 
bore; a packer means, carried on said drill string above 
said drill bit, for sealing a well annulus between said drill 
string and said well bore above said drill bit means; a 
surge receptacle included in said drill string; a surge 
chamber means, constructed to mate with said surge re- 
ceptacle, for receiving and trapping a sample of well fluid 
therein; retrieval means for retrieving said surge cham- 
ber means back to a surface location while said drill 
string remains in said well bore; logging while drilling 
means, included in said drill string, for generating data 
indicative of the nature of subsurface zones or forma- 
tions intersected by said well bore; and a circulating 
valve Included in said drill string above said surge recep- 
tacle. 

The invention further includes an integrated drilling 
and evaluation system for drilling, logging and testing a 
well, which system comprises a drill string; a drill bit 
means carried on a lower end of said drill string, for drill- 
ing a well bore; a packer means for sealing a well annulus 
between said drill string and said well bore above said 
drill bit means; a valve means, included in said drill string, 
tor controlling the flow of fluid between said well bore be- 
low said packer means and said driW string; togging while 
drilling means, included in said drill string, for logging 
subsurface zones or formations Intersected by said well 
bore; and a circulating valve included in said drill string 
above said valve means. 

The systems of the inventran preferably comprise 
measuring while drilling means, included in said drill 
string, for measuring a direction of said well bore, and/or 
well fluid condition monitoring means for measuring and 
recording pressure and temperature data for said well 
flukj. 

The invention further provides a method of early 
evaluation of a well having an uncased well bore inter- 
secting a subsurface zone or formation of interest, which 
method comprises; 

(a) providing a testing string In said well bore Includ- 
ing a tubing string; a logging tool included in said 
tubing string; a packer carried on said tubing string; 
and a fluid testing device included in said tubing 
string; 

(b) logging said well with said logging tool and 
thereby determining the location of said subsurface 
zone or formation of interest; 

(c) without removing said testing string from said 
well bore after step (b), setting said packer in said 
well bore above said subsurface formation and seal- 
ing a well annulus between said testing string and 
said well bore; and 

(d) flowing a sample of well fluid from sakl subsur- 
face formation betow sakj packer to said flukj testing 



device. 

Preferably, in step (a), sakj testing string is a drill 
string further including a drill bit carried on a lower end 

s of said drill string; and step (a) includes drilling said well 
bore with said drill bit; and step (b) is performed without 
removing said drill string from said well bore after said 
drilling step. In step (a), the drill string can further include 
a steerable downhole drilling motor and a measuring 

10 while drilling tool; and step (a) can include rotating said 
drill bit with said steerable downhole drilling motor to drill 
said well bore. The method can further comprise meas- 
uring a direction of saki well bore with the measuring 
while drilling tool. 

IS In the method of the invention, step (a), the drill string 
can further Include a circulating valve Uxated above said 
fluid testing device; and the fluid testing device can be a 
flow tester valve for controlling flow of well fluid through 
said tubing string. Step (d) can include opening the flow 

so tester valve and flowing said sample of said well fluid up 
through said drill string to a surface location to flow test 
said well. 

In the method, in step (a), the fluid testing device can 
include a surge receptacle included in sakl drill string and 

2S a surge chamber constructed to mate with said surge re- 
ceptacle; and then step (d) can include running the surge 
chamber into said drill string; mating said surge chamber 
with said surge receptacle; flowing said fluid sample into 
said surge chamber; and retrieving said surge chamber 

30 while said drill string remains in said well bore. Prefera- 
bly, in step (a) the drill string further includes a circulating 
valve located above said fluid testing device; and said 
method further comprises, during step (d), opening said 
circulating valve; and circulating fluid through said well 

35 annulus above said packer to prevent differential sticking 
of said tubing string in said open well bore. 

The methods and systems of the invention allow a 
variety of tests to be conducted during the drilling proc- 
ess Including production flow tests, production fluid sam- 

40 pling, determining the subsurface zone o1 formation 
pressure, temperature and other conditions, etc. 

In order that the invention may be more fully under- 
stood, embodiments thereof will now be described by 
way of example only, with reference to the accompany- 

45 ing drawings, wherein: 

FIGS. 1A-1D provide a sequential series of illustra- 
tions in elevatk>n whk;h are sectioned, schematic for- 
mats showing the drilling of a well bore and the periodic 
testing of zones or formations of interest therein in ac- 

5f cordance with an embodiment of the present invention. 
FIGS. 2A-2C comprise a sequential series of illus- 
trations similar to FIGS. 1A-1C showing an alternative 
embodiment of the apparatus of this invention. 

FIG. 3 is a schematic illustration of another embod- 

ss Iment of the apparatus of this invention. 

FIG. 4 is a schematic illustration of an electronic re- 
mote control system for controlling various tools in the 
drill string from a surface control station. 
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FIG. 5 is a schematic illustration similar to Fig. 4 
which also illustrates a combination inflatable packer and 
closure valve. 

Referring now to the drawings, and particularly to 
Figs. 1 A-1 D. the apparatus and methods of the present 
invention are schematically illustrated. 

A well 10 is defined by a well bore 12 extending 
downwardly from the earth's surface 14 and intersecting 
a first subsurface zone or formation of interest 16. A drill 
string 18 Is shown In place within the well bore 12. The 
drill string 18 basically includes a colled tubing or drill 
pipe string 20, a tester valve 22, packer means 24, a well 
fluid condition monitoring means 26, a logging while drill- 
ing means 28 and a drill bit 30. 

The tester valve 22 may be generally referred to as 
a tubing string closure means for closing the interior of 
drill string 1 8 and thereby shutting in the subsurface zone 
or formation 16, 

The tester valve 22 may, for example, be a ball-type 
tester valve as Is illustrated in the drawings. However, a 
variety of other types of closure devices may be utilized 
for opening and closing the interior of drill siring 18. One 
such alternative device is illustrated and described below 
with regard to FIGURE 5. The packer means 24and test- 
er valve 22 may be operably associated so that the vatve 
22 automatically closes when the packer means 24 is 
set to seal the uncased well bore 12. For example, the 
ball-type tester valve 22 may be a weight set tester valve 
and have associated therewith an Inflation valve com- 
municating the tubing string bore above the tester vatve 
with the inflatable packer element 32 when the closure 
valve 22 moves from its open to Its closed posrtbn. Thus, 
upon setting down weight to close the tester valve 22, 
the inflation valve communicated with the packer ele- 
ment 32 is opened and fluid pressure within the tubing 
string 20 may be increased to Inflate the inflatable packer 
element 32. Other arrangements can Include a remote 
controlled packer and tester valve which are operated in 
response to remote command signals such as is illus- 
trated below with regard to FIG. 5. 

As will be understood by those skilled In the art, var- 
ious other arrangements of structure can be used for op- 
erating the tester valve 22 and packer element 24. For 
example, both the valve and packer can be weight oper- 
ated so that when weight is set down upon the tubing 
string, a compressible expansion-type packer element Is 
set at the same time that the tester valve 22 Is moved to 
a closed position. 

The packer means 24 carries an expandable packer 
element 32 for sealing a well annulus 34 between the 
tubing string 16 and the well bore 12. The packing ele- 
ment 32 may be either a compression type packing ele- 
ment or an inflatable type packing element. When the 
packing element 32 is expanded to a set position as 
shown in FIGURE IB, it seals the well annulus 34 ther- 
ebelow adjacent the subsurface zone or formation 16. 
The subsurface zone or fomTatton 1 6 communicates with 
the interior of the testing string 18 through ports (not 



shown) present in the drill bit 30. 

The well fluid condition monitoring means 26 con- 
tains instrumentation for monitoring and recording vari- 
ous welt fluid Perimeters such as pressure and temper- 

s ature. It may for example be constructed In a fashksn sim- 
ilar to that of Anderson et al., U.S. Patent No. 4.866,607, 
assigned to the assignee of the present invention. The 
Anderson et al. device monitors pressure and tempera- 
ture and stores it in an on board recorder. That data can 

10 then be recovered when the tubing string 1 8 Is removed 
from the well. Alternatively, the well fluid condition mon- 
itoring means 26 may be a Halliburton RT-91 system 
which permits periodic retrieval of data from the well 
through a wire line with a wet connect coupling which is 

IS towered Into engagement with the device 26. This sys- 
tem is constructed in a fashion similar to that shown In 
U.S. Patent No. 5,236,048 to Skinner et al.. assigned to 
the assignee of the present invention. Another alterna- 
tive monitoring system 26 can provide constant remote 

20 communication with a surface command station (not 
shown) through mud pulse telemetry or other remote 
communication system, as further described hereinbe- 
tow. 

The logging while drilling means 26 is of a type 
2S known to those skilled in the art which contains Instru- 
mentation for logging subterranean zones or formations 
of Interest during drilling. Generally, when a zone or for- 
mation of interest has been intersected by the well bore 
being drilled, the well bore Is drilled through the zone or 
30 formation and the formation is logged while the drill string 
Is being raised whereby the logging while drilling Instru- 
ment is moved through the zone or formation of interest. 

The logging while drilling tool may itself indicate that 
a zone or formation of interest has been intersected. Al- 
35 80, the operator of the drilling rig may independently be- 
come aware of the fact that a zone or formation of interest 
has been penetrated. For example, a drilling break may 
be er)coun\ered wherein the rate of drill bit penetration 
significantly changes. Also, the drilling cuttings circulat- 
40 ing with the drilling fluid may indicate that a petrole- 
um-bearing zone or fomrratton has been intersected. 

The logging while drilling means 26 provides con- 
stant remote communication with a surface command 
station by means of a remote communication system of 
45 a type described hereinbelow. 

The drill bit 30 can be a conventional rotary drill bit 
and the drill string can be formed of conventional drill 
pipe. Preferably, the drill bit 30 includes a down hole drill- 
ing motor 36 for rotating the drill bit whereby it is not nec- 
50 essary to rotate the drill string. A particularly preferred 
arrangement is to utilize coiled tubing as the string 20 in 
combinatton with a steerable down hole drilling motor 36 
for rotating the drill bit 30 and drilling the well bore in de- 
sired directions. When the drill string 18 is used for di- 
ss rectional drilling, it preferably also Includes a measuring 
while drilling means 37 for measuring the direction in 
which the well bore is being drilled. The measuring while 
drilling means 37 is of a type well known to those skilled 
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in the art which provides constant remote communica- 
tion with a surface command station. 

Referring to FIGS. 1A-1D, and particularly FIG. 1 A, 
the drill string 18 is shown extending through a conven- 
tbnat blow-out preventor stack 38 located at the surface 
14. The drill string 18 is suspended from a conventional 
rotary drilling rig (not shown) in a well known manner. 
The drill string 18 is in a drilling position within the well 
bore 1 2. and it is shown afterdrilling the well bore through 
a first subsurface zone of interest 16. The packer 18 is 
in a retracted position and the tester valve 22 is in an 
open position so that drilling fluids may be circulated 
down through the drill string 18 and up through tho an- 
nulus 34 in a conventional manner during drilling opera- 
tons. 

During drilling, the well bore 1 2 is typically filled with 
a drilling fluid which includes various additives including 
weighting materials whereby there is an overbalanced 
hydrostatic pressure adjacent the subsurface zone 1 6. 
The overbalanced hydrostatic pressure is greater than 
the natural formation pressure of the zone 16 so as to 
prevent the well from blowing out. 

After the well bore 1 2 has intersected the subsurface 
zone 16, and that fact has become known to the drilling 
rig operator as result of a surface indication from the log- 
ging while drilling tool 28 or other means, the drilling is 
continued through the zone 1 6. If it is desired to test the 
zone 16 to determine if it contains hydrocarbons which 
can be produced at a commercial rate, a further sutvey 
of the zone 1 6 can be made using the logging while drill- 
ing tool 28. As mentioned above, to facilitate the addi- 
tional logging, the drill string 20 can be raised and tow- 
ered whereby the logging tool 28 moves through the 
zone 1 6. 

Thereafter, a variety of tests to determine the hydro- 
carbon production capabilities of the zone 1 6 can be con- 
ducted by operating the tester valve 22, the packer 
means 24 and the well fluid condition monitoring means 
26. Specifically, the packer 24 is set whereby the well 
annulus 34 is sealed and the tester valve 22 is closed to 
close the drill string 18. as shown in FIG. 1 B. This initially 
traps adjacent the subsurface zone 16 the overbalance 
hydrostatic pressure that was present in the annulus 34 
due to the column of drilling fluid in the well bore 1 2. The 
fluids trapped in the well annulus 34 below packer 24 are 
no longer communicated with the column of drilling fluid, 
and thus, the trapped pressurized fluids will slowly leak 
off into the surrounding subsurface zone 16, i.e., the bot- 
tom hole pressure will fall-off. The fall-off of the pressure 
can be utilized to determine the natural pressure of the 
zone 1 6 using the techniques described in our copending 
applicatbn filed on even date herewith and based on 
U.S.S.N. 08/290653 (Early Evaluation by Fall-Off Test- 
ing) (1 7647). As will be understood, the well fluid condi- 
tion monitoring means 28 continuously monitors the 
pressure and temperature of fluids within the closed an- 
nulus 34 during the pressure fall-off testing and other 
testing which follows. 



Other tests which can be conducted on the subsur- 
face zone 16 to determine its hydrocarbon productivity 
include flow tests. That is, the tester valve 22 can be op- 
erated to flow well fluids from the zone 1 6 to the surface 

s at various rates. Such flow tests which include the pre- 
viously described draw-down and build-up tests, open 
flow tests and other similar tests are used to estimate the 
hydrocarbon productivity of the zone over time. Various 
othertests where treating fluids are Injected into the zone 

10 1 6 can also be conducted if desired. 

Depending upon the particular tests conducted, it 
may be desirable to trap a well fluid sample without the 
necessity of flowing well fluids through the drill string to 
the surface. A means for trapping such a sample is sche- 

is matically illustrated in Fig. 1C. As shown in Fig. 1C, a 
surge chamber receptacle 40 is included in the drill string 
20 along with the other components previously de- 
scribed. In order to trap a sample of the well fluid from 
the subsurface zone 16, a surge chamber 42 is run on a 

20 wire line 44 into engagement with the surge chamber re- 
ceptacle 40. The surge chamber 42 is initially empty or 
contains atmospheric pressure, and when it is engaged 
with the surge chamber receptacle 40, the tester valve 
22 is opened whereby well fluids from the subsurface for- 

25 rnatlon 16 flow into the surge chamber 42. The surge 
chamber 42 is then retrieved with the wire line 44. The 
surge chamber 42 and associated apparatus may, for ex- 
ample, be constructed in a manner similar to that shown 
in U.S. Patent No. 3.1 1 1 , 169 to Hyde, the details of which 

30 are incorporated herein by reference. 

After the subsurface zone 16 is tested as described 
above, the packer 24 is unset, the tester valve 22 is 
opened and drilling is resumed along with the circulation 
of drilling fluid through the drill string 20 and well bore 1 2. 

35 FIG. 1 D illustrates the well bore 1 2 after drilling has 
been resumed and the welt bore is extended to Intersect 
a second subsurface zone or formation 46. After the 
zone or formation 46 has been intersected, the packer 
24can beset and the tester valve 22 closed as illustrated 

40 to perform pressure fall-off tests, flow tests and any other 
tests desired on the subsurface zone or formation 46 as 
described above. 

As will now be understood, the integrated well drill- 
ing and evaluation system of this invention is used to drill 

45 a well bore and to evaluate each subsurface zone or for- 
mation of interest encountered during the drilling without 
removing the drill string from the well bore. Basically, the 
integrated drilling and evaluation system includes a drill 
string, a logging while drilling tool in the drill string, a 

so packer carried on the drill string, a tester valve in the drill 
string for controlling the flow of fluid into or from the for- 
mation of interest from or into the drill string, a well flukl 
condition monitor for determining conditions such as the 
pressure and temperature of the well fluid and a drill bit 

SS attached to the drill string. The integrated drilling and 
evaluatbn system is used in accordance with the meth- 
ods of this invention to drill a well bore, to log subsurface 
zones or formations of interest and to test such zones or 
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formations to determine the hydrocarbcri productivity 
thereof, all without moving the system from the well bore. 

FIGS. 2A-2C are similar to FIGS. 1 A-1C and illus- 
trate a modified drill string 18A. The modified drill string 
ISA is similar to the drill string 18, and identical parts 
carry identical numerals. The drill string ISA includes 
three additional components, namely, a circulating valve 
48, an electronic control sub 50 located above the tester 
valve 22 and a surge chamber receptacle 52 located be- 
tween the tester valve 22 and the packer 24. 

After the packer element 24 has been set as shown 
in FIG. 2B, the tester valve 22 is closed and the circulat- 
ing valve 94 is open whereby fluids can be circulated 
through the well bore 12 above the circulating valve 48 
to prevent differential pressure drill string stk:king and 
other problems. 

The tester valve 22 can be opened and closed to 
conduct the various tests described above including 
pressure fall-off tests, flow tests, etc. As previously not- 
ed, with any of the tests, rt may be desirable from time 
to time to trap a well fluid sample and return it to the sur- 
face for examination. As shown in FIG. 2C, a sample of 
well fluid may be taken from the subsurface zone or for- 
mation 16 by running a surge chamber 42 on a wire line 
44 into engagement with the surge chamber receptacle 
52. When the surge chamber 42 is engaged with the 
surge chamber receptacle 52, a passageway communi- 
cating the surge chamber 42 with the subsurface zone 
or formation 1 6 is opened so that well fluids flow into the 
surge chamber 42. The surge chamber 42 is then re- 
trieved with the wire line 44. Repeated sampling can be 
accomplished by removing the surge chamber, evacuat- 
ing it and then running it back into the well. 

Referring now to FIG. 3 another modified drill string 
18B is illustrated. The modified drill string 18B Is similar 
to the drill string 18Aof FIGS. 2A-2C, and identical parts 
carry identical numerals. The drill string 18B Is different 
from the drill string 1 8A in that it includes a straddle pack* 
er 54 having upper and lower packer elements 56 and 
57 separated by a packer body 59 having ports 61 there- 
in for communicating the bore of tubing string 20 with the 
well bore 12 between the packer elements 56 and 57. 

After the well bore 1 2 has been drilled and the log- 
ging while drilling tool 28 has been operated to identify 
the various zones of interest such as the subsurface 
zone 16, the straddle packer elements 56 and 57 are lo- 
cated above and below the zone 16. The inflatable ele- 
ments 56 and 57 are then inflated to set them within the 
well bore 12 as shown in FIG. 3. The inflation and defla- 
tion of the elements 56 and 57 are controlled by physical 
manipulation of the tubing string 20 from the surface. The 
details of construction of the straddle packer 98 may be 
found in our copending application entitled Early Evalu- 
ation System, designated as attorney docket number 
HRS 91.225A1, filed concurrently herewith, the details 
of which are incorporated herein by reference. 

The drill strings 18A and 18B both include an elec- 
tronic control sub 50 for receiving remote command sig- 



nals from a surface control statran. The electronic control 
system 50 is schematically illustrated in FIG. 4. Referring 
to FIG. 4, electronic control sub 50 includes a sensor 
transmitter 58 which can receive communication signals 

s from a surface control station and which can transmit sig- 
nals and data back to the surface control station. The 
sensor/transmitter 58 is communicated with an electron- 
ic control package 60 through appropriate Interfaces 62. 
The electronic control package 60 may for example be 

10 a microprocessor based controller. A battery pack 64 
provides power by way of power line 66 to the control 
package 60. 

The electronic control package 60 generates appro- 
priate drive signals in response to the command signals 

IS received by sensorAransmitter 58, and transmits those 
drive signals over electric lines 68 and 70 to an electri- 
cally operated tester valve 22 and an electric pump 72, 
respectively. The electrically operated tester valve 22 
may be the tester valve 22 schematically illustrated in 

20 FIGS. 2A-2C and FIG. 3. The electronically powered 
pump 72 takes well fluid from either the annulus 34 or 
the bore of tubing string 20 and directs it through hydrau- 
lic line 74 to the inflatable packer 24 to inflate the inflat- 
able element 32 thereof. 

25 Thus, the electroncally controlled system shown in 
FIG. 4 can control the operation of tester valve 22 and 
inflatable packer 24 in response to command signals re- 
ceived from a surface control station. Also, the measur- 
ing while drilling tool 37, the logging while drilling tool 28 

30 and the well fluid cond ition mon itor 26 may be connected 
with the electronic control package 60 over electric lines 
69, 71 and 76. respectively, and the control package 60 
can transmit data generated by the measuring while drill- 
ing tool 37, the logging while drilling tool 28 and the mon- 

35 itor 26 to the surface control station while the drill strings 
ISA and 188 remain in the well bore 1 2. 

FIG. 5 illustrates an electronic control sub 50 like that 
of FIG. 4 in association with a modified combined packer 
and tester valve means 80. The combination packer/clo- 

40 sure valve 80 includes a housing 82 having an external 
inflatable packer element 84 and an internal inflatable 
valve closure element 86. An external inflatable packer 
inflation passage 88 defined in housing 82 communi- 
cates with the extemal inflatable packer element 84. A 

4S second inflation passage 90 defined in the housing 82 
communkiates with the internal inflatable valve closure 
element 86. As Illustrated in FIG. 5, the electrons control 
sub 50 includes an electronically operated control valve 
92 which is operated by the electronic control package 

so 60 by way of an electric line 94. One of the outlet ports 
of the valve 92 is connected to the extemal inflatable 
packer element inflation passage 88 by a conduit 96, and 
the other outlet port of the valve 92 is connected to the 
internal inflatable valve closure inflation passage 90 by 

ss a conduit 98. 

When fluid under pressure is directed through hy- 
draulic conduit 96 to the passage SS, it inflates the ex- 
ternal packer elements to the phantom line positbns 100 
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shown in FIG. 5 so that the external packer element 84 
seals off the well annulus 34. When fluid under pressure 
is directed through the hydraulic conduit 98 to the pas- 
sage 90, It inflates the internal valve closure element 86 
to the phantom line positions 102 shown in FtG. 5 so that 
the internal inflatable valve closure element 86 seals off 
the bore of the drill string IB. When fluid under pressure 
is directed through both the conduits 96 and 98, both the 
external packer element 84 and internal valve element 
86 are inflated. Thus, the electronic control sub 50 in 
combination with the packer and valve apparatus 60 can 
selectively set and unset the packer 84 and independ- 
ently selectively open and cbse the inflatable valve ele- 
ment 86. 

As will be understood, many different systems can 
be utilized to send command signals from a surface k)- 
cation down to the electronic control sub 50. One suitable 
system is the signaling of the electronic control package 
60 of the sub 50 and receipt of feedback from the control 
package 60 using acoustical communication which may 
include variations of signal frequencies, specific frequen- 
cies, or codes of acoustic signals or combinatkins of 
these. The acoustical transmission media includes tub- 
ing string, electric line, slick line, subterranean soil 
around the well, tubing fluid and annulus flukJ. An exam- 
ple of a system for sending acoustical signals down the 
tubing string Is disclosed in U.S. Patents Nos. 4,375,239; 
4,347,900; and 4,378,850 all to Barrington and assigned 
to the assignee of the present invention. Other systems 
which can be utilized include mechanical or pressure ac- 
tivated signaling, radk> wave transmission and receptbn, 
microwave transmission and reception, fiber optic com- 
munications, and the others which are described in our 
copending application referred to above. 

Thus, the apparatus and methods of the present in- 
vemkxi achieve the ends and advantages mentioned as 
well as those which are inherent therein. Whilst certain 
preferred embodiments of the invention have been de- 
scribed and illustrated for purposes of this disclosure, nu- 
merous changes may be made by those skilled in the art. 



Claims 

1 . An integrated drilling and evaluation system for drill- 
ing, togging and testing a well, which system com- 
prises a drill string (18,18A); a drill bit means (30), 
carried on a lower end of said drill string (18,18A), 
for drilling a well bore (12); togging while drilling 
means (28), included in said drill string (18, 18 A), for 
generating data indicative of the nature of subsur- 
face formations (16) intersected by said well bore, 
so that a formation or zone of interest may be iden- 
tified without removing said drill string from said well; 
a packer means (24), carried on said drill string 
(18,18A) above said drill bit (30), for sealing a well 
annulus (34) between said drill string and said bore- 
hole above sakJ formatbn (16) or zone of interest; 



and testing means (22), included in said drill string 
(18,16A), for controlling flow of fluid between said 
formation of interest (16) and said drill string; the 
system being such that the well can be drilled, 
5 logged and tested without removing said drill string 
from said well. 

2. A system according to claim 1 , further comprising a 
circulating valve (48), included in said drill string 

10 (1 8A) above said testing means. 

3. A system according to claim 1 or 2, wherein said 
testing means (22) includes a closure valve means 
for communicating said formation of interest with the 
Interior of said drill string. 

4. A system according to claim 1 ,2 or 3, wherein said 
testing means further comprises a surge receptacle 
(40) included in said drill string (18,18A); a surge 

^ chamber means (42), constructed to mate with said 
surge receptacle (40), for receiving and trapping a 
sample of said well fluki therein; and retrieval means 
(44) for retrieving said surge chamber means (42) 
backto a suriace location while said drill string (1 8A) 

2S remains in said well bore. 

5. A system according to claim 1 ,2,3 or 4, further com- 
prising a downhole drilling motor means (36), 
Included in said drill string (18,18A) and operable 

30 associated with said drill bit (30), for rotating saki drill 
bit to drill said well bore. 

6. An integrated drilling and evaluation system for drill- 
ing, logging and testing a well, which system com- 

3S prises: a drill string (18.18A); a drill bit means (30) 
carried on a lower end of satd drill string, for drilling 
a well bore; a packer means (24), carried on said 
drill string (18,18A) above said drill bit (30), for seal- 
ing a well annulus (34) between said drill string and 

40 said well bore above said drill bit means; a surge 
receptacle (40) included in said drill string (ISA); a 
surge chamber means (42), constructed to mate 
with said surge receptacle (40), for receiving and 
trapping a sample of well fluid therein; retrieval 

45 means (44) for retrieving said surge chamber means 
(42) back to a surface location while sakJ drill string 
(18A) remains in said well bore; logging while drilling 
means (28), included in said drill string (18,18A). for 
generating data indicative of the nature of subsur- 

so face zones or formations intersected by said well 
bore; and a circulating valve (48) included in said 
drill string above saki surge receptacle (40). 

7. An integrated drilling and evaluation system for drill- 
ss ing, logging and testing a well, which system com- 
prises a drill string (18,18A); a drill bit means (30) 
carried on a kwer end of said drill string, for drilling 
a well bore; a packer means (24) for sealing a well 
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annulus (34) between said drill string (18, ISA) and 
said well bore above said drill bit means (30); a valve 
means (22), included in said drill string, for control- 
ling the flow of fluid between said well bore below 
said packer means and said drill string (1 6,1 8A) log- s 
ging while drilling means (28), included in said drill 
string, for togging subsurface zones or fonnations 
intersected by said well bore; and a circulating valve 
(48) included in said drill string above said valve 
means. to 

8. A system according to any of claims 1 to 7, further 
comprising measuring while drilling means (37), 
included in said drill string, for measuring a direction 

of said well bore. is 

9. A system according to any of claims 1 to 8, further 
comprising well fluid condition monitoring means 
(26) for measuring and recording pressure and tem- 
perature data for said well fluid. so 

10. A method of early evaluation of a well having an 
uncased well bore intersecting a subsurface zone or 
formation of interest, which method comprises: 

2S 

(a) providing a testing string in said well bore 
including a tubing string (18,1 BA); a logging tool 
(28) included in said tubing string; a packer (24) 
carried on said tubing string; and a fluid testing 
device Included in said tubing string; so 

(b) logging said well with said logging tool and 
thereby determining the location ol said subsur- 
face zone or formation (1 6) ol interest; 

35 

(c) without removing said testing string from 
said well bore after step (b), setting said packer 
(24) in said well bore above said subsurface for- 
mation (16) and sealing a well annulus (34) 
between said testing string and said well bore; 40 
and 

(d) flowing a sample of well fluid from said sub- 
surface formation (16) below said packer (24) 

to said fluid testing device. 4S 
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